The development of an immunity through processes other than those of a purely passive nature may be regarded as dependent upon three basic principles. First, there must be some agency or force to exert a stimulation; second, there must be a being-of complex antigenic pattern and serologic structure-to undergo the stimulation; and third, there must be response,-expressed as increased resistance, augmented antibody content, the establishment of an allergic state, or some combination of reactions of this character. Of these three basic factors, the first and the third have received abundant attention; the second has been largely neglected, despite the fact that common experience indicates that within the reacting tissues reside the elements which determine whether or not the response takes place at all, and if it occurs, whether it will be great or small. An increasing understanding of the importance of concurrence of antigenic materials is serving to explain many hitherto obscure phenomena. Nevertheless, the tendency prevails to regard the protoplasm of all individuals of a given species,-rabbits, for example,-as essentially the same, and when the inevitable differences in response to antigenic stimulation become apparent, to dismiss the matter as simply an expression of individual variability. But "individual variability" merely defines an observed condition; it explains nothing as to causes or mechanisms involved.
It will doubtless be long before an explanation for such variability in serologic and immunologic reactions will be at hand; certainly it will not be available before more is known of the medium within which such reactions take place.
The present report does not purport to answer any of these questions in any way; it is designed merely to record certain observed facts relative to three antibody elements that may be found in human sera. It is not suggested that any, or all, of these three antibodies bear any relationship whatever to immunity or to the capacity to * From the Department of Immunology, Yale University School of Medicine.
react serologically or immunologically, or that they are of any practical importance in any connection. It is intended merely to record the data, showing certain relationships between these antibodies and other recognizable differences in individuals, as evidence that serologic patterns may greatly differ.
Heteroagglutinins for sheep, mouse, and hen erythrocytes were the antibodies studied, with particular regard to the concentration reached. That such antibodies occur more or less frequently in human sera has, of course, long been known; but in so far as I am aware no quantitative titrations of any large number of human sera have been made, nor have they been correlated with age, sex, or blood group, either as regards occurrence or quantity present.
The sera tested were those submitted to the laboratory for routine Wassermann or Kahn testing or for blood grouping. As used for the present test they were inactivated, serial dilutions in tubes were made, slide preparations with the appropriate red cells were arranged, and readings were made under the microscope after a uniform period (30 min.) at room-temperature.
The degree of agglutination was recorded as +, ++, +++, or ++++ (complete, with all cells in compact masses), or as 0 (no agglutination).
For obtaining comparative values for the sera each dilution showing agglutination by a serum was multiplied by the dilution factor, the sum representing the titer. Although most certainly a figure so obtained does not represent in absolute value the agglutinin units present, for purposes of comparison such figures may serve, and for discussion the term "units" may be employed.
Occurrence of sheep, mouse, and hen heteroagglutinins in human sera.
Complete titrations are available for a group of 847 sera. When the results with these, without differentiation as to age, sex, or any other characteristic, are summarized it may be said that only 6.1 per cent (52 sera) failed to show heteroagglutinin for sheep cells; that approximately twice as many, 13.7 per cent (116 sera), lacked heteroagglutinin for mouse cells; and that a much higher percentage, 34.3 (291 sera) contained no demonstrable antibody for hen cells. These figures deal solely with presence or absence of agglutinin and do not take into consideration differences in titer which, as will be shown, may vary widely.
Quite obviously, antibody for hen erythrocytes is far less common than are antibodies for the mammalian cells tested. In this connection it may be added that heteroagglutinin for rabbit cells is almost uniformly found, and to considerable titers; of 152 sera tested for this agglutinin it was lacking in but 2, one of these the serum of an infant of 8 weeks lacking all agglutinating action, the other, the serum of a premature infant.
The average titer for each of the three agglutinins measured in this same group of 847 sera was: for the more commonly found sheep cell agglutinin, 48 units; for the less frequent mouse cell agglutinin, 96 units; while for the antibody to hen cells the low average value of but 6.4 units was obtained. These averages are for all sera, including those which were negative; thus, despite the fact that there was a much higher percentage of sera lacking agglutinin for mouse cells as compared with sheep cells, the titer of antibody for mouse cells is twice as high as is that for sheep cells. Quite clearly, potency and frequency of occurrence have nothing in common. The agglutinin titer for hen cells is uniformly low, meaning, in effect, that but relatively few sera, when diluted, effect complete agglutination of these cells.
It is, of course, possible that these differences in the action of human sera on the cells of different species may not be solely a matter of the antibody content of the serum; inherent characters in the cells acted upon may render certain types more easily influenced by antibody than are others. Further, it is possible thati modification in the method of testing-a longer period of contact between serum and cell, or incubation at a higher (or lower) (sheep and mouse) of the three types of cell here used it is the usual condition for the individual to possess agglutinin in some degree. A lack in hen cell agglutinin may be expected in about one-third of human sera. When these antibodydeficient sera are allocated to their appropriate age-groups, with percentages determined upon the basis of all sera falling within each of the groups, it again becomes apparent that the two extremes-infancy and old age-tend serologically to meet. In all instances the highest percentage of antibody-free sera is with sera of persons of less than one year of age; doubtless, if sufficient numbers of sera were available so that this group could be further subdivided, it would be found that heteroagglutinins are the exception at birth and as extra-uterine life progresses become more and more common. At all events, during the first year they are lacking for sheep cells in about three-fifths, for' mouse cells in about two-fifths, and for hen cells in three-fourths of sera. Thereafter, for a period, apparently all persons exhibit sheep cell agglutinin, somewhat more than 90 per cent develop antibody to mouse cells, while at least a fourth never acquire demonstrable agglutinin for hen cells. But once acquired, these antibodies do not necessarily remain as a permanent serological character, for as the graph shows there is, with increasing age periods, an increasing percentage of persons in whom the agglutinins are no longer to be found. Thus, if sex is a factor in determining the amount of agglutinin present, as is also age, it is of interest to examine the unit values of the different aggluti-, nins for the several age groups with the sera segregated upon the basis of sex. Figures are available for this purpose on quantitative titrations of 821 sera; 366 males, 455 females. When so subdivided the numbers in some of the groups become so small that little value may be placed upon the average titers obtained, and yet, despite this very apparent source of error, a graph (IV) constructed upon the available materials reveals some fairly consistent differences. If it be granted that heteroagglutinins (at least, the more commonly found sheep and mouse varieties) occur more uniformly in females than in males, reach higher average titers, and appear to be more markedly influenced by the age of the individual, it might hardly be anticipated that a serologic variable character such as blood group isoagglutinin would play a role. With this latter type of antibody, at least with the A-B system, sex appears to be of no certain significance, while age, as mentioned above, correlates with the titrable quantity present. With heteroagglutinins, variation seems to be influenced by both sex and age. On the other hand, the development of the iso-antibody is determined by heredity; a very limited amount of material studied in this series of tests does not indicate that the hetero-antibody is so governed. It thus seemed of interest to rearrange the data for the group of 906 sera under test upon the basis of their A-B antigen grouping. In such a random sampling as these sera represent equal numbers are not to be found in each of the four blood groups, a fact of some importance in attempting to interpret the averages for the heteroagglutinin titers.
The following tabulation shows the number of individuals (of all age classes) in each of the four blood groups, with their distribution as to sex: Probably the differences here indicated are without significance, although the unusually low percentage of group 0 sera devoid of sheep cell heteroagglutinin is suggestive, as are also the consistently higher figures indicating lack of antibodies of all three types in persons of the B group. When the percentage of deficient sera for the B group are compared with corresponding percentages for all sera, thus: All sera; 6.1%o lack sheep, 13.7%o lack mouse, 34.0 % lack hen B sera; 6.4% lack sheep, 19.3%o lack mouse, 42.7%o lack hen the frequency of agglutinin-free sera of the B group becomes evident. It has been suggested that persons of the group B type are less active serologically in many respects; the above may simply be a reflection of this condition. When, however, we turn to a consideration of the antibody levels reached in the different blood 0 -_ _ groups, each group indud-90 _ _ ing also those who lack a -0- GRAPH VI Here, again, it should be pointed out that it is assumed that the age distribution within each blood group is comparable; the sex distribution has been stated above.
It is unreasonable to place importance on the variations here shown other than to emphasize the fact that there are such variations. The sheep : mouse : hen proportions are in blood group A, approximately 6: 16: 1; in group B, 9 11:I; in group AB, 4: 16: 1; and in group 0, 8: 15: 1; but it must be noted that an undue proportion of females, an excess of negative sera, or a marked disproportion in age-group distribution would,-or could,-easily account for much of the variation shown.
To subdivide further the figures for each of the blood groups upon the basis of both sex and age may result in numbers too small to be of meaning, but since in each group tested the number of males does not differ widely from the number of females such a break-down may be permissible. This is done in graph VII, which shows, as would be expected, that the titers for the female sera average higher than those for the males in three of the four blood groups. The exception, the least common AB group, consistently shows a reversed relationship, the male titers being for all three antigens higher than those of the female sera. As it happens, there were in this classification 16 versely, would predicate higher titers. Nevertheless, average unit values are higher for males than for females, indicating that this particular blood group fails to conform to the usual condition. It thus appears that, in some measure, blood group, as well as age and sex, may bear a relationship to the antibody complement of the individual.
Nothing can be gained by carrying this analysis further; indeed, it may be difficult to justify a treatment thus extensive. But it does serve to show that variations occur in serologic pattern, causing one person to differ from another or a given person to possess at 60 an antibody equipment different from that which he probably had at 10 or 1 5; that these variations are not wholly lawless, even though the laws remain to be defined; and that the mosaic of antigenic and serologic properties which constitute the individual subjected to a given antigen stimulation or expected to respond with an antibody or an immunity possesses inherent variable qualities that may well determine the direction as well as the degree of the response. Even "individual variability" does not exist without cause or consequence, and although it is not suggested, even by inference, that the particular serologic properties herein discussed are in any way a part of that cause, the proposition is made that a study of the qualities (antigenic as well as antibody) of the host (the reacting mechanism) may reveal the cause or its correlates.
Let it be noted, finally, that in no instance, have the values for the heteroagglutinins herein discussed been designated as average normal values. The sera, for the most part, with which the titrations were made would not come within the scope of what are usually regarded as "normal" sera. A reasonable percentage of them were, however, derived from prospective donors for transfusion, and the values obtained for these as a group differ in no material respects from the group as a whole.
